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Introduction
Urinary bladder cancer is one of the most frequently diagnosed neoplasms, with an estimated 429,800 new cases and 165,100 deaths occurred in 2012 worldwide [1] . Although patients initially with non-muscle-invasive (NMI) tumor generally display favorable prognosis, they, especially those with high-grade tumor, have a relatively high risk of tumor recurrence with progression to muscle invasion after transurethral resection even with currently available intravesical pharmacotherapy. On the other hand, those with muscle-invasive (MI) tumor often develop disease progression or metastasis despite undergoing more aggressive treatment modalities, such as radical cystectomy with or without neoadjuvant or adjuvant systemic chemotherapy. Therefore, identification of key molecules involving bladder cancer outgrowth is urgently required, which may successively provide novel tumor markers that predict the prognosis as well as novel targeted therapy in patients with bladder cancer.
Various epidemiological and clinical studies have demonstrated that men have a substantially higher risk of bladder cancer, while women tend to have more aggressive tumors [1] [2] [3] [4] [5] [6] [7] . These observations have prompted research on sex hormone receptors, such as androgen receptor (AR) and estrogen receptors (ERs), in bladder cancer [8] [9] [10] . Indeed, preclinical evidence has suggested a critical role of AR/ERs in the development and progression of urothelial cancer arising in the upper and lower urinary tracts. Specifically, androgens have been shown to promote bladder tumorigenesis, as well as bladder cancer cell proliferation, migration, and invasion, via the AR pathway [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Non-androgen-mediated AR activation in bladder cancer cells [23] and androgen-induced tumorigenesis via the non-AR pathway [14] have also been documented. Moreover, AR activation has been correlated with resistance to chemotherapy in bladder cancer cells [24, 25] . In contrast, estrogens likely exert both stimulatory and inhibitory actions on bladder cancer outgrowth, which may be cell-specific and/or dependent on the functional activity of ERα and ERβ [11, 12, [26] [27] [28] [29] [30] [31] [32] .
Meanwhile, conflicting data as to the expression of sex hormone receptors in urothelial tumors of the lower urinary tract, and its associations with tumor grade/stage or patient outcomes have been reported [33] . Therefore, in the current study using a meta-analysis, we aimed to determine the expression status of AR, ERα, and ERβ immunohistochemically detected in different grades or stages of bladder cancers and its potential role as prognosticators.
Materials and methods

Search strategy
A systematic literature search and subsequent quantitative analysis were planned, conducted, and reported according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines [34] (S1 Fig, S1 Table) . We performed a computerized bibliographic search of the PubMed, Web of Science, and Cochrane library in February 2017 for publications after 2004 in order to find the articles demonstrating the results of immunohistochemistry (IHC) of sex hormone receptors (i.e. AR, ERα, and/or ERβ) in bladder cancer tissue specimens obtained by transurethral resection or cystectomy from patients who did not receive radiotherapy or systemic chemotherapy preoperatively. The search strategy included the following keywords combined: 1) "androgen receptor" and "bladder cancer"; 2) "androgen receptor" and "urothelial carcinoma"; 3) "estrogen receptor" and "bladder cancer"; and 4) "estrogen receptor" and "urothelial carcinoma". We selected only studies published in English in peer reviewed journals, while the results from letters and abstracts for meetings were excluded.
Selection criteria
Eligible studies in this meta-analysis included those showing pathological and/or prognostic information in bladder cancer patients stratified with the expression of AR, ERα, or ERβ determined by IHC. Specifically, these studies compared the positivity of these receptors between non-tumor/normal bladder and tumor, low and high grades, and/or NMI and MI, or assessed prognostic significance of their expression [e.g. recurrence-free survival (RFS) or progressionfree survival (PFS) in patients with NMI bladder cancer]. In the case of multiple publications from the same institution potentially with identical or overlapping patient cohorts, the most informative or the most complete study was used for our analysis. There was no restriction on geographical location of the studies.
Data extraction
We recorded the following information about each eligible study: first author's name; journal; year of publication; and number of patients analyzed. We also recorded available data on positivity of sex hormone receptors in non-tumor versus tumor, male versus female, low versus high grades, low versus high stages, RFS, and PFS (Table 1) , as well as odds ratio (OR), hazard ratio (HR), and 95% confidence interval (CI). Data of multivariate analysis were included in the present study; if these data were not available, then univariate analysis data were used.
Quality assessment
Quality assessment was performed in each eligible study, using the Newcastle-Ottawa Scale (NOS) (ranging from 0 to 9). This tool has been developed to assess the quality of non-randomized studies to incorporate quality assessments in the interpretation of meta-analysis [35] . The NOS scores of 1-3, 4-6, and 7-9 were defined as low-, intermediate-, and high-quality studies, respectively.
Statistical analysis
All analyses were carried out using R software (version 3.1.0). ORs and their 95% CIs were calculated based on the numbers from the studies to estimate the association between the expression of sex hormone receptors and pathological features of the tumors. Similarly, the pooled HR for RFS or PFS from published data was calculated by fixed and random-effects models in a multivariate setting. Original data for a study a senior author of the current study previously reported [36] were also used for calculating HRs and 95% CIs. Heterogeneity between studies was assessed by the Cochran's Q test and I 2 index, as previously described [37] . When heterogeneity among the studies was observed, we showed only the estimates of random-effects in 
Results
Search results and characteristics of included studies
We identified a total of 114 (AR) and 110 (ER) articles published between 2004 and 2017 by the primary computerized literature search. However, 73 (AR) and 62 (ER) were excluded because they were review articles, articles describing only the results derived from cell lines or animals, articles in non-bladder cancer, or articles written in non-English. The abstracts of the remainder of the articles were reviewed in detail, and 32 (AR) and 40 (ER) were further excluded due to no sufficient data or a different classification from other studies. Finally, 9 and 8 articles regarding AR and ER, respectively, were identified as eligible studies for this metaanalysis (Fig 1) . Four of the articles demonstrated the results of multiple receptors, and 13 eligible studies [20, 36, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] involving a total of 2,049 bladder cancer patients were thus analyzed. The median sample size in these studies was 120 patients (range, . The relationship between pathological features (Table 2) or prognosis (Table 3 ) and each receptor expression had been individually assessed in 9 (AR), 2 (ERα), or 7 (ERβ) studies (Table 1) .
Quality assessment using the NOS was performed in these 13 studies included in this metaanalysis. The NOSs were 6 or higher (S2 Fig), indicating that the quality of the studies was acceptable. In addition, the funnel plots via Begg's test showed no significant bias across HRs of AR positivity for RFS and PFS were available in 3 and 2 studies accounting for 496 and 327 patients with NMI bladder tumor, respectively. AR expression was significantly associated with better RFS (HR = 0.593; 95% CI = 0.408-0.860; P = 0.006), but not PFS (P = 0.223). No significant heterogeneity of association between AR expression and RFS (P = 0.289) or PFS (P = 0.425) was identified. The association between AR expression and prognosis in patients with MI tumor could not be analyzed because only one study [36] demonstrated such data.
ERα
ERα expression was significantly down-regulated in bladder tumors, compared with nontumors (OR = 0.412; 95% CI = 0.265-0.642; P < 0.001), with exhibiting no significant heterogeneity (P = 0.115). We could not analyze the associations between ERα expression and gender, tumor grade/stage, or prognosis because only one study [36] demonstrated such data.
ERβ
There was no statistically significant difference in ERβ expression between non-tumor and tumor (P = 0.674), non-tumor and NMI tumor (P = 0.612), or non-tumor and MI tumor (P = 0.663), as well as between male and female tumors (P = 0.101). However, ERβ expression was significantly up-regulated in high-grade tumors compared with low-grade tumors (OR = 2.169; 95% CI = 1.583-2.971; P < 0.001) as well as in MI tumors compared with NMI tumors (OR = 3.104; 95% CI = 2.081-4.631; P < 0.001). In a subgroup of NMI tumors, there was no significant difference in ERβ positivity between low-grade and high-grade (P = 0.989). Significant heterogeneity existed in the meta-analysis of the association of ERβ expression with non-tumor/tumor (I 2 = 95.2%; P < 0.001), but not with gender (P = 0.559) or tumor grade (P = 0.453) or stage (P = 0.389). HR of ERβ positivity for either RFS or PFS was available in 3 studies accounting for 496 patients with NMI bladder tumor. ERβ expression was significantly or marginally associated with worse RFS (HR = 1.573; 95% CI = 1.102-2.247; P = 0.013) or PFS (HR = 4.148; 95% CI = 0.803-21.411; P = 0.089), respectively. No significant heterogeneity of association of ERβ expression with RFS (P = 0.553) was seen, whereas that with PFS was significant (I 2 = 78.2%; P = 0.010). The association between ERβ expression and prognosis in patients with MI tumor could not be analyzed because only one study [36] demonstrated such data.
Discussion
IHC has detected AR protein signals in 13-55% of bladder or upper urinary tract urothelial tumors [19, 20, 36, [38] [39] [40] [41] [42] [43] [44] [49] [50] [51] , which is significantly lower than the positive rates in normal/non-neoplastic urothelial tissues (58-86%) reported by most of respective comparative studies [36, 38, 40, 51] . However, at least three immunohistochemical studies have demonstrated no AR expression in normal urothelium [42, 43, 52] . Significant or insignificant downregulation of AR expression in high-grade or MI urothelial carcinomas, compared with lowgrade or NMI tumors, has also been found [19, 36, 38-40, 42, 44, 49-51] . However, several studies showed even slight increases in AR positivity in high-grade and/or MI tumors [20, 41, 51] . Furthermore, two studies each have suggested a considerable association of AR expression in bladder tumors with a higher risk of the progression of only MI disease [36] or both NMI and MI diseases [43] or a lower risk of the recurrence of NMI disease [42, 44] , or no such strong association with the prognosis of patients with NMI or MI disease [40, 41] . Although ERα gene expression via a quantitative polymerase chain reaction (PCR) method has been confirmed in all the 10 tumors examined [29] , ERα signals via IHC in tissue specimens have been detected only in a small subset (e.g. 1-5%) of bladder cancers in most of previous studies [46, 48, 53] . In contrast, our IHC showed that ERα was positive in 27% of bladder tumors [36] as well as in 18% of upper urinary tract tumors [51] . Some of these immunohistochemical studies have also demonstrated elevated levels of ERα expression in non-neoplastic urothelial tissues, compared with bladder tumors [36, 51, 53] , in contrast to the findings in the PCR analysis (i.e. 2.77-fold stronger expression in tumors than in matched normal tissues) [29] , as well as in low-grade/NMI tumors, compared with high-grade/MI tumors [36, 53] . In accordance with the IHC data, three separate microarray cohorts of bladder tissues showed significantly lower levels of ERα gene expression in tumor than in normal [54] [55] [56] . However, none of the studies have shown prognostic significance of ERα expression in patients with urothelial tumor. Our recent study demonstrated that patients with pT3-4 upper urinary tract urothelial carcinoma negative for both ERα and progesterone receptor (PR) had a significantly lower risk of cancer-specific mortality, compared with those showing ERα and/or PR positivity [51] .
The positive rates of ERβ expression in immunohistochemical studies in urothelial tumor specimens range from 22% to 100% [19, 36, 40, 42, [44] [45] [46] [47] [48] 51] , which was significantly lower than those in non-neoplastic urothelial tissues in most of comparative studies [36, 40, 47, 51] . In addition, both significant or insignificant up-regulation [36, 42, [44] [45] [46] and down-regulation [47] of ERβ expression have been reported in higher grade/stage tumors. Strong associations of ERβ expression with both the risk of recurrence and/or progression of NMI tumors [36, 42, 44] or progression of MI tumors [36] and favorable prognosis in patients with NMI tumor [48] have also been documented.
The expression status of sex hormone receptors has thus been assessed in bladder cancer tissues, mainly using IHC, resulting in conflicting results regarding the rate of receptor positivity as well as the relationship between receptor expression and tumor aggressiveness. These included a discrepancy in, for instance, AR positivity between bladder cancer tissues obtained at different institutions but stained at one institution using the same antibody and staining protocol [36, 41] . In addition, the impact of AR/ERα/ERβ expression on patient outcomes as prognosticators remains controversial. As shown in breast tissues [57, 58] , these varied data in IHC may be attributed to the differences in antibody specificity or staining strategy as well as tissue preparation including preservation in fixative. We therefore conducted this meta-analysis of previous studies demonstrating the expression of AR, ERα, and ERβ in bladder cancer specimens.
Our analysis for AR expression, showing significant heterogeneity in non-tumor/tumor and tumor stage, but not in tumor grade or prognosis, revealed its strong inverse association with tumor grade, as well as no significant differences between benign bladders versus tumors and between NMI versus MI tumors. Patients with AR-positive NMI tumor were also found to have a significantly lower risk for tumor recurrence, compared to those with AR-negative NMI, but not for disease progression. Interestingly, while each previous study has demonstrated no statistically significant difference in AR positivity between tumors from male versus female patients [20, 36, 38, 41, 42, 44] , the meta-analysis shows significant down-regulation of AR expression in female tumors. The rate of ERα positivity was found to be significantly lower in bladder tumors than in non-tumors. However, no further analysis could be performed due to insufficient number of studies. While ERβ positivity was not significantly different between non-tumors and tumors with significant heterogeneity, as well as between male and female tumors without significant heterogeneity, in the analysis, significant up-regulation was seen in high-grade or MI tumors, compared with low-grade or NMI tumors. Patients with ERβ-positive NMI tumor were also found to have a significantly higher risk for tumor recurrence, compared to those with ERβ-negative NMI tumor. Similarly, there was a tendency to correlate between ERβ expression and disease progression in patients with NMI tumor.
The NOSs of previous non-randomized studies included in this meta-analysis were found to be 6-8, indicating high-quality of each study. In addition, Begg's test revealed no statistical significance, suggesting that this meta-analysis was not biased. Nonetheless, in this study, there are several limitations that need to be carefully considered when interrupting the results. First, as stated above, significant heterogeneity among included studies existed. Second, the potential risk bias was a concern. Because positive results were more likely to be published than negative ones, the meta-analyses based on published data might overestimate clinical significance of the expression status of sex hormone receptors in bladder cancer. Third, there were differences in staining protocol, including antibody, as well as scoring of the stains, used in previous studies, which might have resulted in diverse expression patterns. Finally, all included in this metaanalysis were retrospective studies often susceptible to selection bias.
In summary, we assessed the expression status of AR, ERα, and ERβ in bladder cancers and its potential role as prognosticators. We found some differences in receptor positivity between non-neoplastic bladder tissue and bladder cancer as well as tumor grades or stages. AR or ERβ expression was also found to correlate with tumor recurrence or progression, respectively. These findings support previous preclinical data indicating the involvement of sex hormone receptor signals in urothelial carcinogenesis and cancer progression. Moreover, the rate of AR positivity was significant higher in male tumors than in female tumors, while none of previous studies showed such a statistically significant difference. Because the number of the studies included in the current meta-analysis for each receptor is relatively small, we may need to accumulate more data to re-evaluate the significance of AR/ERα/ERβ expression in bladder cancer outgrowth. 
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